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The endogenous cytokinin levels of healthy primary leaves and seeds of a stem rust susceptible wheat 
cultivar, Little Club, were compared with those of Little Club containing the stem rust resistance gene Sr25. 
Leaf material of the resistant line Little Club Sr25 had a higher level of total cytokinin act ivity than Little Club, 
whereas seed material of Little Club Sr25 did not always have higher levels of cytokinins than Little Club. 
High-performance liquid chromatographic separation of cytokinins from leaf material indicated that the 
resistant line had higher levels of cytokinin-like activity, that cochromatographed with zeatin-9-glucoside, 
trans-zeatin, dihydrozeatin and iso-pentenyladenine, than the susceptible cultivar, whereas the susceptible 
cultivar had higher levels of iso-pentenyladenine-9-glucoside and iso-pentenyladenosine-like activity than the 
resistant cultivar. A number of cultivars would have to be tested before the usefulness of cytokinin levels as 
an indicator of resistance could be determined. 
Die endogene sitokinienvlakke van gesonde primere blare en saad van 'n stamroesvatbare koringkultivar, 
Little Club, is vergelyk met die van Little Club Sr25 wat die stamroes-weerstandsgeen Sr25 bevat. 
Blaarmateriaal van die weerstandbiedende Iyn, Little Club Sr25, het 'n hoar vlak van totale sitokinienaktiwiteit 
gehad as Little Club, maar saadmateriaal van Little Club Sr25 het nie altyd hoar vlakke van sitokiniene gehad 
as Little Club nie. Hoedoeltreffendheid-vloeistofchromatografiese skeiding van blaarmateriaal-ekstrakte het 
getoon dat die weerstandbiedende Iyn hoar vlakke van sitokinienaktiwiteit, wat met seatien-9-glukosied, 
trans-seatien, dihidroseatien en iso-pentenieladenien gekochromatografeer het, gehad het as die vatbare 
kultivar, terwyl die vatbare kultivar hoar vlakke van iso-pentenieladenien-9-glukosied en iso-penteniel-
adenosien-agtige aktiwiteit bevat het as die weerstandbiedende kultivar. 'n Aantal kultivars sal getoets moet 
word voordat die bruikbaarheid van sitokinienvlakke as 'n indikator van weerstand gebruik kan word. 
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Introduction 
A number of investigations have shown that barley and 
wheat cuItivars resistant to powdery mildew infections have 
higher levels of endogenous cytokinins before infection than 
susceptible cultivars, and a close correlation has been found 
between resistance and cytokinin activity (Kern et al. 1987; 
Vizarova 1975, 1979, 1987; Vizarova & Paulech 1979). 
Dried seed material of resistant cultivars of these two 
cereals was found to contain higher levels of endogenous 
cytokinins (Vizarova & Muzfcova 1981; Vizarova & Vozar 
1984), and Vizarova (1987) found that the resistant cultivars 
have higher cytokinin activity during their entire ontogeny 
than the susceptible cuItivars. These results point to the 
possible important role of free endogenous cytokinins in the 
resistance of cereals against powdery mildew (Vizarova 
1987). 
be a great advantage. The susceptible wheat cultivar Little 
Club (Triticum compactum L.) and the resistant isogenic line 
Little Club Sr25 were selected to minimize differences 
caused by genetic background. Stem rust (Puccinia graminis 
f. sp. tritici Eriks. & Henn.) race 2SA4 is the most common 
race in South Africa, and gives a fully susceptible infection 
type 4 on Little Club, and a resistant infection type 2 on 
Little Club Sr25 on the Stakman scale (Stakman et al. 
1962). 
This research was aimed at determining whether wheat 
cuItivars resistant to stem rust have higher levels of 
endogenous cytokinins than susceptible cultivars, and the 
potential of cytokinin levels as an indicator of resistance in 
wheat-breeding programmes. The work was restricted to 
endogenous cytokinin levels of disease-free plants because, 
for a plant breeder, the ability to carry out disease resistance 
selections, without the complication of the pathogen, would 
Materials and Methods 
Plant material 
For the analysis of leaf material, the wheat cultivar Little 
Club and the isogenic wheat line Little Club Sr25 were 
grown in trays (26.5 x 18.5 x 6.5 cm) of washed river sand 
in a Conviron at 26°C/16°C, 12-h/12-h day/night regime. 
Primary leaves were harvested 15 days after sowing. f1ash-
frozen in liquid nitrogen, packed into polythene bags and 
stored at -20°C until required. Dried seed material was 
milIed when required. 
Extraction of cytokinins from plant material 
Cytokinins were extracted from 5 g of leaf and 2 g of seed 
material by homogenizing the sample in 100 ml of 80% 
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ethanol and allowing it to stand for 24 h at 5°C. The 
homogenates were then filtered through Whatman No. 1 
filter paper and the residues were washed with 80% ethanol. 
The extracts were concentrated to dryness in vacuo at 30°C 
and resuspended according to the chromatographic tech-
nique employed. 
Column chromatography 
Cytokinins in the four plant material extracts were initially 
separated using column chromatography, and the cytokinins 
were tentatively identified on the basis of co-elution with 
authentic cytokinin markers. 
The technique used was based on that of Armstrong et al. 
(1969). The columns (90 X 2.5 cm) were packed with 
Sephadex LH-20 which had been swollen in 35% ethanol. 
They were eluted with 35% ethanol at a flow rate of 15 ml/h 
at 20°C. Dried extracts were resuspended in 1 ml 35% 
ethanol and loaded onto the columns. After elution through 
the columns, the fractions were combined in 40-ml fractions 
in Erlenmeyer flasks. Ten-millilitre aliquots of each fraction 
were assayed for cell division activity using the soybean 
callus bioassay (Miller 1963, 1965) and the remainder was 
dried on a hot plate (30°C) in a stream of air and stored 
until required for analysis by high-performance liquid 
chromatography. Two repetitions of each sample were sub-
jected to separation using Sephadex LH-20 column chroma-
tography. 
High-performance liquid chromatography 
High-performance liquid chromatographic separation of 
authentic cytokinins and cytokinins from plant extracts was 
achieved by reversed-phase high-performance liquid chro-
matography (HPLC). The column used was a Hypersil 5 
ODS column (250 X 4 mm i.d.) with a flow rate of 1 ml/ 
min. This was maintained by a 3500 pound per square inch 
single-piston reciprocating pump. Absorbance was recorded 
with a Varian variable-wavelength monitor at 265 nm, 
which was fitted with an 8-m flow-through cell. Separation 
was achieved using a Varian 5000 liquid chromatogram and 
the data output was recorded using a Vista 4000 data 
system. 
Air-dried, partially purified extracts obtained after Sepha-
dex LH-20 column chromatography (40 flasks for each of 
eight samples) were resuspended in two washes of 5 ml 
80% redistilled ethanol with the five groups of fractions 
being pooled and dried under vacuum. The extracts were re-
suspended in 1 ml 80% ethanol, filtered through a 0.22-J..lm 
Millipore filter into a clean glass vial and dried in vacuo 
using a vacuum centrifuge. After drying, the extracts were 
resuspended in 300 J..lI 0" 80% HPLC grade methanol, filter-
ed again through a 0.22-J..lm Millipore filter and loaded onto 
the HPLC chromatograph in aliquots of 100 J..ll. At the start 
of the programme the mobile phase consisted of methanol: 
0.2M acetic acid buffered to pH 3.5 using triethylamine 
(5:95) at a flow rate of 1 ml/min and a column temperature 
of 30°C. The final gradient after 90 min was 50:50. 
Aliquots of 2 ml from each sample run were collected, air-
dried and then assayed for cell division activity. 
In order to obtain the elution times of various endogenous 
cytokinins occurring in plant material, authentic cytokinin 
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standards were run through the same column using the same 
programme. 
Soybean callus bioassay 
The soybean cotyledonary callus bioassay (Miller 1963, 
1965) was used to determine cytokinin-like activity of plant 
extracts separated using both Sephadex LH-20 column and 
HPLC. 
Results 
For the sake of clarity the following abbreviations have been 
used in the text, tables and figures: Z, zeatin; ZR, ribosyl-
zeatin; ZG, glucosylzeatin; Ade, adenine; Ado, adenosine; 
ZOG, zeatin-O-glucoside; Z9G, zeatin-9-glucoside; tZ, 
trans-zeatin; DHZ, dihydrozeatin; DHZOG, dihydrozeatin-
O-glucoside; tZR, trans-ribosylzeatin; DHZR, dihydroribo-
sylzeatin; 2iP, iso-pentenyladenine; 2iP9G, iso-pentenyl-
adenine-9-glucoside; iPA, iso-pentenyladenosine. 
Column chromatography 
The elution volumes of authentic cytokinin markers have 
been superimposed on the figures of cytokinin-like activity 
detected in the plant material using the soybean callus bio-
assay. 
Leaf material 
A number of distinct peaks of biological actIvIty were 
detected in the Sephadex column eluate of resistant leaf 
material (Figure 1). Peaks with elution volumes of 360 -
480,640 - 680, 800 - 960 and 1120 ml co-eluted with ZG, 
Z, iPA and 2iP, respectively. The peaks at elution volumes 
of 40 - 120, 1320 and 1560 - 1600 ml did not co-elute with 
any of the cytokinin markers used. 
Four peaks of biological activity were detected in the 
Sephadex column eluate of the susceptible leaf material 
(Figure 1). The first and fourth peaks, having elution 
volumes of 40 - 120 and 1400 ml, respectively, did not co-
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Figure 1 Soybean callus bioassay (mean biological activity of 
two replicates) of cytokinin-like activity detected in 1.25 g of 
primary leaf material from the wheat selections Little Club 
(susceptible) and Little Club Sr25 (resistant) following fractiona-
tion on a Sephadex LH-20 column. za, glucosylzeatin; ZR, ribo-
sylzeatin; Z, zeatin; iPA, iso-pentenyladenosine; 2iP, iso-pentenyl-
adenine. The line indicates the confidence limits at the level 
P = 0.01. 
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elute with any of the cytokinin markers used. The second 
peak had an elution volume of 1000 ml and co-eluted with 
iPA and the third peak had an elution volume of 1160 ml 
and co-eluted with 2iP. 
Seed material 
Three peaks of significant biological activity were detected 
in resistant seed material (Figure 2). The first peak had an 
elution volume of 480 ml and co-eluted with ZR, the second 
and third peaks had elution volumes of 1000 - 1040 and 
1280 ml, respectively, and did not co-elute with any of the 
markers used. 
Five peaks of significant biological activity were detected 
in susceptible seed material (Figure 2). The first peak had an 
elution volume of 80 - 120 ml but did not co-elute with any 
of the cytokinin markers used, the second peak had an elu-
tion volume of 320 ml and co-eluted with ZG, the third peak 
had an elution volume of 520 - 600 ml and co-eluted with 
ZR, the fourth peak had an elution volume of 680 - 760 ml 
and co-eluted with Z, and the fifth peak had an elution 
volume of 1200 - 1280 ml and did not co-elute with any of 
the markers used. 
The levels of cytokinin activity in leaf and seed material 
are expressed as kinetin equivalents (KE) in Table 1. These 
levels indicate that the leaf material of the resistant line has 
a greater level of total cytokinin activity than the susceptible 
CALLUS YIELD (g/flask) 
1.2 ,---------------------, 
0.8 
. ZG ZR Z iPA 2iP 
- --
400 800 
ELUTION VOLUME (ml) 
Cytokinin markers 
- lillie Club Sr26 
...... lillie Club 
- P·O.Ol 
1200 1600 
Figure 2 Soybean callus bioassay (mean biological activity of 
two replicates) of cytokinin-like activity detected in 0.5 g of seed 
material from the wheat selections Little Club (susceptible) and 
Little Club Sr25 (resistant) following fractionation on a Sephadex 
LH-ZO column. ZO, glucosylzeatin; ZR, ribosylzeatin; Z, zeatin; 
iPA, iso-pentenyladenosine; ZiP, iso-pentenyladenine. The line 
indicates the confidence limits at the level P = 0.01. 
Table 1 Total cytokinin-like activitya detected in one 
gram of wheat material after Sephadex LH-20 separation 
Material 
Primary leaf 
Seed 
Wheat selection 
Little Club 
1.20 KE 
4.18 KE 
Little Club Sr25 
3.29 KE 
1.09 KE 
• Activity significantly greater than that detected in the controls is 
expressed as kinetin equivalents (KE). 
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cultivar. However, the seed material of the susceptible 
cultivar has higher levels of cytokinin activity than the 
resistant line. 
High-performance liquid chromatography 
Cytokinin activity of the plant extracts was further analysed 
by subjecting the remainder of the fractions collected in one 
of the Sephadex separations of each sample to reverse-phase 
HPLC after the fractions had been pooled into five sub-
samples with the following elution volumes: A, 0 - 200 ml; 
B, 200 - 520 ml; C, 520 - 760 ml; D, 760 - 1000 ml; 
E, 1000 - 1600 ml. Biological activity detected in each of 
the five sub-samples, following separation using HPLC, was 
recorded. The elution times of authentic cytokinin markers 
are superimposed on the figures of cytokinin-like activity 
detected in the plant material. 
Leaf material 
Figure 3 is a graphic representation of pooled data from all 
five sub-samples of leaf material and as such can be directly 
compared to Figure 1 which involved separation using 
Sephadex columns. Pooled resistant leaf material data 
yielded four peaks of significant biological activity at the 
following retention times: 28 min (co-eluting with Z9G and 
ZOG); 32 - 36 min (co-eluting with tZ and DHZ); 59 min 
(co-eluting with DHZR); and 75 min (co-eluting with 2iP). 
There was a peak of biological activity co-eluting with iPA 
at an elution time of 85 min, however, this peak is not 
statistically significant. 
Pooled susceptible leaf material data indicated two peaks 
of significant biological activity, at retention times 66 min 
(co-eluting with 2iP9G) and 85 min (co-eluting with iPA). 
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Figure 3 Pooled biological activity detected in primary leaf 
material of the wheat selections Little Club (susceptible) and Little 
Club Sr25 (resistant) following high-performance liquid chroma-
tography separation. The elution times of authentic cytokinin 
markers (as detected by UV absorbance at 265 nm) are super-
imposed. Ade, adenine; Ado, adenosine; ZOO, zeatin-O-gluco-
side; Z90, zeatin-9-glucoside; tZ, trans-zeatin; DHZ, dihydro-
zeatin; tZR, trans-ribosylzeatin; DHZR, dihydroribosylzeatin; ZiP, 
iso-pentenyladenine; ZiP90, iso-pentenyl-adenine-9-glucoside; 
iPA, iso-pentenyladenosine. The line indicates the confidence 
limit at the level P = 0.01 . 
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The ZG peak indicated in the Sephadex separation was not 
present in the HPLC separation. 
Seed material 
No significant biological actIvIty was indicated in either 
susceptible or resistant seed material (Figure 4), and the 
peaks of activity observed in the Sephadex separation of the 
seed material (Figure 2) were not detected using HPLC 
separation techniques. 
The total cytokinin activity (in KE) of resistant leaf 
material is greater than that of susceptible leaf material 
(Table 2). No such calculations could be made for the seed 
material as there was no significant biological activity in 
either selection. 
Discussion 
The initial level of cytokinin activity is apparently crucial in 
determining whether a susceptible or resistant cereal! 
powdery mildew interaction will occur and it has been 
reported that resistant cultivars have higher initial levels of 
free endogenous cytokinins in their leaves, in their seeds 
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Figure 4 Pooled biological activity detected in seed material of 
the wheat selections Little Club (susceptible) and Little Club Sr25 
(resistant) following high-performance liquid chromatography 
separation. The elution times of authentic cytokinin markers (as 
detected by UV absorbance at 265 nm) are superimposed. Ade, 
adenine; Ado, adenosine; ZOG, zeatin-O-glucoside; Z9G, zeatin-
9-glucoside; tZ, trans-zeatin; DHZ, dihydrozeatin; tZR, trans-
ribosylzeatin; DHZR, dihydroribosylzeatin; 2iP, iso-pentenyl-
adenine; 2iP9G, iso-pentenyladenine-9-glucoside; iPA, iso-
pentenyladenosine. The line indicates the confidence limit at the 
level P = 0.01. 
Table 2 Total cytokinin-like activitya detected in one 
gram of wheat material after high-performance liquid 
chromatography separation 
Wheat selection 
Malerial Little Club Little Club Sr25 
Primary leaf 0.86 KE 1.33 KE 
• Activity significantly greaIer than thai detected in the controls is 
expressed as kinetin equivalents (KE). 
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and, indeed, during their entire ontogeny (Kern et al. 1987; 
Vizarova 1975, 1979, 1987; Viwova & Muzikova 1981; 
Vizarova & Paulech 1979; Vizarova & Vow 1984). 
Few studies have examined the relationship between 
endogenous cytokinin levels of wheat cultivars and stem 
rust resistance. Vizarova et al. (1988) found that a stem rust 
resistant wheat cultivar (Khapli) had higher amounts of free 
zeatin in healthy primary leaves compared to those found in 
two susceptible wheat cultivars (Little Club and Grekum). 
Both Sephadex and HPLC separation results in the present 
study indicate that primary leaf material of the resistant line 
has a higher level of total cytokinin activity than the 
susceptible cultivar. Any differences detected between Little 
Club and Little Club Sr25 would be linked to the Sr25 gene 
in Little Club Sr25. 
In the resistance reaction, the fungus is seen to infect the 
host and some level of colonization occurs (Lennox, unpubl. 
observ.). It is possible that the higher initial cytokinin levels 
are fungitoxic at the early stages of infection. The high 
sensitivity of fungi in early stages of growth to cytokinins 
(Michniewicz et al. 1984) and the findings of Vizarova 
(1987) that zeatin and its derivatives have an absolute 
inhibitory effect on the growth of Erysiphe graminis DC, 
do, in part, support this proposal. Liu and Bushnell (1986) 
found no inhibitory effects of zeatin on the development of 
powdery mildew on detached barley coleoptiles. The differ-
ences in concentrations, tissues and time of application 
could account for the different responses observed by these 
authors. 
Cytokinin activity which co-chromatographed with zeatin, 
glucosylzeatin and ribosylzeatin, was detected in the first 
leaf of barley and wheat cultivars (Vizarova 1987; Vizarova 
et al. 1988). HPLC separation of cytokinins from leaf 
material indicated that the resistant line has higher levels of 
zeatin-9-glucoside, trans-zeatin, dihydrozeatin and iso-
pentenyladenine than the susceptible cultivar, whereas the 
susceptible cultivar has higher levels of iso-pentenyl-
adenine-9-glucoside and iso-pentenyladenosine than the 
resistant cultivar. The effect of the cytokinins detected in the 
resistant line on the growth of Pucdnia graminis f. sp. 
tritid, compared to the effect of those in the susceptible 
cultivar, still needs to be determined. 
Cytokinin-like substances have been detected in wheat 
grains (Bhardwaj & Dua 1975; Herzog & Geisler 1977; 
Jameson et al. 1982; Reda 1976; Thomas et al. 1978; 
Wheeler 1972). Changes in levels of these substances in 
developing wheat grains have been demonstrated to follow a 
set pattern (Jameson et al. 1982) in that activity is barely 
detectable at ear emergence but increases markedly at polli-
nation. Levels then increase rapidly until four days after 
anthesis after which an equally rapid loss occurred. No 
activity could be detected 21 days after ear emergence. 
Wheeler (1972) also found that wheat grains had negligible 
amounts of cytokinin activity. Zeatin, ribosylzeatin and 
glucosylzeatin have been tentatively identified in developing 
wheat grains (Jameson et al. 1982) and in mature barley and 
wheat grains (Vizarova & Muzikova 1981; Vizarova & 
Vozar 1984). In the present investigation, seed material of 
both cultivars was found to have very low levels of cyto-
kinin-like activity when compared to the levels detected in 
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the leaf material. Sephadex separation of extracts from seed 
material indicated that the total cytokinin activity of the 
resistant cultivar was lower than that recorded for the 
susceptible cultivar. HPLC separation of sub-samples col-
lected after Sephadex separation indicated that neither 
cultivar had significant cytokinin-like activity in their seed 
material. 
Thus, from the results of the present investigation, it can 
be concluded that leaf material of the wheat line Little Club 
Sr25, which is resistant to stem rust race 2SA4, does have a 
higher level of total cytokinin activity than that of the 
susceptible cultivar Little Club. Seed material of the 
resistant line did not have significantly higher levels of 
cytokinins than the susceptible cultivar. This is the first 
report of a comparison between cytokinin levels of isogenic 
wheat selections. A large number of cultivars would need to 
be tested before the usefulness of cytokinin levels as an 
indicator of resistance could.be determined. The methodol-
ogy used in this investigation would prove to be too labour-
intensive and time-consuming for the plant breeder, so that 
if the cytokinin levels of wheat cultivars were found to be 
useful as an indicator of resistance in wheat-breeding pro-
grammes, more appropriate methods would need to be used. 
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